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I. INTRODUCTION 


E purpose of this study is to delineate some of the char- 
| acteristics of an urban population which are not ware ob- 


concerning the Eastern Health District of Baltimore by various studies 
and surveys. The records made for three special censuses, in 1933, 
1'936, and 1939, have been assembled in such a way as to lend themselves 
perticularly to analyses using the family as a basic unit. For each 
family surveyed it has been possible, with considerable accuracy, to 
determine whether it was present at a preceding or succeeding survey. 
Coupled with various sociological characteristics, such as nativity of 


* From the Department of Biostatistics (Paper No. 235), School of Hygiene 
and Public Health, The Johns Hopkins University, Baltimore, Md. 

The writer is deeply grateful to the Commonwealth Fund for a fellowship, 
and to the College of Medicine of New York University for a leave of absence, 
without both of which the opportunity to make the present study could not have 
been realized. 
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the family head, size of the family, etc., it is therefore possible to 
present a dynamic picture of this population on a family basis. An 
attempt is made here to show how certain of these characteristics in- 
fluence the stability of a family, as portrayed by the ability to identify 
the same family at a later survey. 


The Eastern Health District 


The Eastern Health District and its population have been described 
in some detail in earlier studies by Valaoras (7) in 1936, and by Reed, 
Fales and Badger (5) in 1942. 

In a general sense, the District contains a population resembling 
that of the whole city reasonably well. It comprises chiefly a low- and 
middle-income residential area. As an administrative unit of the Bal- 
timore City Health Department the Eastern Health District was en- 
larged in 1938. In order to maintain comparability, however, the present 
study relates only to that portion lying within the boundaries of the 
old District, shown in Fig. 1. 

The proportion of colored persons is almost identical with that for 
the city as a whole. With respect to age, the white and colored popula- 
tions both are slightly younger than those of the entire city. The per- 
centage foreign-born is slightly higher, although for both the District 
and the city this percentage is decreasing, reflecting a low rate of im- 
migration from foreign countries in recent years. The socio-economic 
(occupational) distributions of the population, for the District and 
for the city, also correspond fairly closely. Although it is not to be 
implied that data concerning the Eastern Health District may be sub- 
stituted for a picture of Baltimore, it is clear that we are not dealing 
with an exceptional or unusual urban population. 


Accumulation of the data 


This study is based on three special censuses, conducted in 1933, 
1936, and 1939 respectively. The first and last of these were planned 
and supervised by the Department of Biostatistics at the School of 
Hygiene and Public Health. The second survey was part of a nation- 
wide study conducted by the U.S. Public Health Service (3), as a 
W.P.A. project, the supervision for the Eastern Health District, how- 
ever, also being by persons associated with the Department of Biostatis- 
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Fic. 1. Map or BALTIMORE, SHOWING THE EASTERN HEALTH District 


tics of the School of Hygiene. The general scheme in each census 
was to send an enumerator to a list of addresses—all the houses in one 
block, let us say—where he would fill out a questionnaire for each house- 


hold by interviewing a member of the family who was at home at the 
time. 
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The written instructions to the enumerators in the three studies 
differed only in minor details. In relation to the present analysis, deal- 
ing with households, it is pertinent to note some difference in definition 
of the term “household.” In 1933 the instructions defined a household 
as consisting of a head, wife, children, and “all others living with the 
family, whether relatives, lodgers or servants.” In 1936 members living 
away at school, away for more than one month, and all “visitors” were 
specifically excluded. In 1939 “members away at school, in an institu- 
tion, reform school, or CCC camp” were included. Where a distinction 
between household and family was necessary, the latter included only 
the related members of the household. 

After accumulation of the schedules, careful editing for accuracy 
and consistency of the data was done. Correlations of data between the 
several censuses have further established levels of consistency. For a 
study throwing light on the variability of data between censuses the 
reader is referred to an analysis of consistency in reporting age of 
individuals, by Densen (2) in 1940. 


Definition of “family” and of “permanence of residence” 


In this study the terms “family” and “household” are used inter- 
changeably, referring to all persons living at a given address, except as 
otherwise noted. It has been shown above that definitions differ from 
one survey to the next only as regards family members away at school, 
etc. In this population the number of such persons may be presumed 
to be very small. 

Several studies have been made in the past with reference to per- 
manence of residence of families in the Eastern Health District. On 
occasion the terms “immigration” and “emigration” have been used, on 
the assumption that a family present at one census and not present at 
another has migrated into or out of the study area. Several circum- 
stances can, and undoubtedly do, occur which make the use of the 
term “migration” inexact in the strictest sense. There are families 
which disappear by reason of change of name, by marriage perhaps, or 
the death of the individual who has been the only means of identifying 
the family. Families may be created by a member of a former family 
breaking away and setting up an establishment of his own. These events 
have not been recorded in such a way that they could be counted separ- 
ately for this analysis. Furthermore, there is evidence that actual migra- 
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tion has occurred where a family has moved out of the study area and 
back, or vice versa, between two censuses. A loose definition of im- 
migration and emigration, therefore, includes some cases which are 
not strictly migration, and excludes some cases which are. There is 
reason to believe that variations caused by these factors alone are not 
large, even though they must not be ignored in any discussion of per- 
manence of residence. 

The term “permanence of residence”’ is used in this paper as coming 
the closest to a proper description of all that is implied, and is borrowed 
from the study by Valaoras (7).* 

An important factor is the criterion by which a family at one census 
is identified as the same family at another census. In this study, per- 
manence of residence is based on whether a family enumerated at one 
census, waS Or was not present in the Eastern Health District at the 
next census. Some confusion might be caused by the fact that a family 
may undergo a definite change in composition, and that from one point 
of view the resulting unit is the same family as the original one, and 
from another point of view it is not. We have therefore defined a 
family as still in existence if 


(1) the head of the family is still the head at a subsequent census 
(where husband and wife are both present the husband is always 
listed as the head), or 


(2) a wife has become a head at a subsequent census. 
Identification on a more complex basis has not proved practical in deal- 
ing with the existing records. 


Table 1 shows the number of families counted in the present study, 
and the number of original families? remaining at the next census in 
each instance. The effect of varying criteria for identification of fami- 
lies at a subsequent census may be observed by comparing these data 
with figures for “emigration” presented in other analyses. Badger (1) 
studied the same households used in this paper, but identified a family 
as still present at a subsequent survey if the head was still present im 
any capacity, i.e., he or she might be an in-law of the head of a new 


* Valaoras defined a “settled” family as one which was identified as having 
existed as the same family at a previous study eleven years earlier (1933 and 
1922). 

® Throughout this study the term “original families” refers to those families 
counted in the first of two succeeding censuses. 
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TABLE 1 


Number of families in the Eastern Health District, 
1933, 1936 and 1939, by color 











TOTAL 
WHITE COLORED 

Number Per cent 
Total families surveyed in 1933 13 710 100.0 10 839 2 871 
Heads still heads in 1936 9 500 7 835 I 665 
Wives who became heads by 1936 354 267 87 
Total families remaining in 1936 9 854 71.9 8 102 I 752 
Heads still heads in 1939 7 334 6 169 I 165 
Wives who became heads by 1939* 271 210* 61* 
Total 1933 families remaining in 1939 7 605 55-5 6 379 I 226 
Total families surveyed in 1936 13 954 100.0 10 928 3 026 
Heads still heads in 1939 9 207 7 512 I 605 
Wives who became heads by 1939 435 337 98 
Total 1936 families remaining in 1939 9 642 69.1 7 849 I 793 





* It was not possible to count the wives who became heads between 1936 and 
1939 separately. The numbers are estimated on the assumption that the ratio of 
wives who became heads in the second interval to those in the first interval was the 
same as the ratio of heads who remained heads in the second interval to those in 
the first interval : 

6169 g 1165 


67 X ——— = 210, FC onapees 2s GF. 
7835 1665 


family which by this definition would then be called the same family. 
Phair (4) was concerned with emigration in a study of tuberculosis in 
the Eastern Health District. He identified families by name at a sub- 
sequent census, and when there was doubt as to whether a household 
should be cailed the same or not, the decision was based on “a concensus 
of opinion” of persons familiar with the problem. 

We see that the present study employs a stricter definition than 
either Badger or Phair did, with the result that a smaller proportion 
of families is identified as still present than was the case for the other 
two studies. Phair has calculated an annual rate of “emigration” for 
the period 1933 to 1936. Comparable rates have been calculated for 
the data from Badger and from the present study, and are shown in 
Table 2, which shows how the annual emigration rates become higher 
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TABLE 2 


Emigration rates based on various methods of identifying families 





ANNUAL EMIGRATION RATE (PER CENT) 





COLOR 

AND 1933 to 1936 to 1933 to 
BASIS OF FAMILY 1936 1939 1939 
IDENTIFICATION (2.5 yrs.) (3.5 yrs.) (6.0 yrs.) 





White: 


(1) Former head is 
present in any 


capacity (Badger) 8.0 6.1 
(2) Name and “con- 

sensus of 

opinion” (Phair) 8.8 


(3) Head remains head 
or wife becomes 
head (present study) 10.1 8.0 6.9 


Colored: 


(1) Former head is 
present in any 


capacity (Badger) 12.1 8.2 
(2) Name and “con- 

sensus of 

opinion” (Phair) 14.3 


(3) Head remains head 
or wife becomes 
head (present study) 15.6 11.6 9.6 





as the rules for identifying a family at a subsequent census become 
more limiting (lines downward). The emigration rates for colored 
are much higher than for whites, but follow the same pattern, — both 
as to the effect due to different methods of identifying families at suc- 
ceeding surveys and the length of the interval involved (see below). 
Rider and Badger (6) have shown that the rate of emigration de- 
creases with the length of time a family has been established. Table 2 
shows this effect clearly also, the annual rate of loss of families be- 
coming smaller as the interval covered by the analysis is increased 
(columns from left to right). A more convenient way of stating this 
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is to calculate the proportion of families remaining at the end of a 
stated interval, out of those counted originally. There is good evidence 
(which space does not permit us to demonstrate here) that for any 
given group of families, if the percentage remaining out of the original 
total were plotted on a time scale, the curve sloping downward to the 
right, would fall more rapidly than an exponential at first and would 
flatten out, falling less rapidly than an exponential, later on. If this curve 
were an exact exponential, we would say that the proportion of families 
lost per unit time interval (i.e., the probability of a family’s leaving the 
survey) was a constant. Hence the evidence is that this is not so, 
which is in agreement with the findings of Rider and Badger (6) cited 
above. 

The following sections are devoted to demonstrating the associa- 
tions which exist between the proportions of families remaining at the 
end of the stated interval and certain family characteristics. Of the 
various characteristics discussed, ownership of the home seems to have 
the most striking correlation with “stability” of the family. Differences 
in proportion remaining which appear to be associated with color, for 
example, disappear when each race is distributed by ownership of the 
home. The first analysis therefore deals with home ownership, and 
subsequent topics are made specific for ownership. 

In most instances two observations of proportions remaining have 
been made, for the early and for the late census interval, i. e., proportion 
of 1933 families remaining in 1936, and proportion of total 1936 fami- 
lies remaining in 1939. Where this is true, the total 1933 and 1936 
original families have been used as the basis of the proportion, and the 
number remaining in 1936 and 1939 out of their respective original 
groups, as the numerator of the proportion. The effect is to obtain a 
larger sample and possibly compensate for sampling errors and secular 
trends. The average interval is then taken as three years. In two in- 
stances, dealing with nativity and education, only the second, 3.5-year 
interval was observed, and in one case, monthly rental, only the first, 
2.5-year interval was used. 


Family characteristics 


Some of the characteristics under discussion are permanent in the 
sense that a given family does not normally change from one class to 
another. Nativity and education of the family head will not change. 
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Age of the head is the same sort of characteristic, except that there is 
a fixed increase for all family heads equal to the study interval. There 
are exceptions, of course, in those cases where the family head changes. 
It has been pointed out that these were relatively few. 

The other characteristics studied in the following sections are 
such that a family may more readily change from one class to another. 
A home owner may become a renter three years later, or vice versa. 
Family type may change from “with children” to “without children.” 
Size of family, number of wage-earners and socio-economic class are 
all characteristics subject to change for a given family. In some in- 
stances the passage of time tends to produce changes in a specific direc- 
tion, such as increasing size of family, particularly where the family 
head is young. In addition there are instances of families changing 
from one category to another fortuitously, such as by reason of in- 
accurate enumeration. Densen (2) has demonstrated the discrepancies 
which may exist between reported ages of the same individual at dif- 
ferent censuses. In the following discussions families are classified 
according to their characteristics as originally reported, in 1933 or 1936. 
The families were identified at the end of the interval in question main- 
ly by name of the head or his wife, without reference to any categorical 
classification. Thus the proportion of home owners remaining, for 
example, means the proportion who were originally home owners, even 
though at the end of three years some of them may have become home 
renters. 


The manner of calculating proportions remaining should be kept 
in mind throughout the following sections. In each case, families have 
been classified into sub-groups, and the proportion remaining is the 
ratio of the number remaining to the number originally counted, for 
each sub-group separately. In this way we know that the denominator 
of each proportion includes all the families comprised in the numerator. 

Throughout this study, data for white and colored families have 
been kept separate on the basis that the obvious racial, social and 
economic differences render these two groups essentially non-com- 
parable. 
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II. PROPORTIONS OF FAMILIES REMAINING AFTER A FIXED AVERAGE 
TIME INTERVAL, WITH RESPECT TO VARIOUS 
FAMILY CHARACTERISTICS 


Ownership of the home and rental 
Table 3 shows the percentage of families owning their homes in 


TABLE 3 


Distribution of families and proportions remaining at the end of 3 years, 
by color and home ownership (1933 + 1936) 








WHITE COLORED 
Total number of original families 
(1933 + 1936)* 21,705 5,889 
Proportion remaining -733 601 
Number owning their homes 13,246 431 
Proportion remaining 833 807 
Number renting their homes 8,459 5,458 
Proportion remaining 576 585 
Percentage owning their homes 61.0 7.3 





* “Unknown” as to ownership are excluded. 


each color group, this being 61 for whites and 7 for colored. The pro- 
portion remaining for whites is .733, and for colored .601, for an aver- 
age 3-year interval, which is a highly significant difference. Table 3 
also shows that for home owners the proportions remaining for white 
and colored are .833 and .807 respectively ,and for home renters the 
respective proportions remaining are .576 and .585. These differences 
are entirely without significance. We may suspect, therefore, that the 
large difference between proportions remaining for colored (.601) and 
white (.733) is due to the fact that such a small percentage of the 
colored own their homes. 

Figs. 2 and 3 show the distribution of families by monthly rental 
paid, and the proportion remaining for each rental sub-group. It is not 
surprising to note that the rental paid by whites is distributed over a 
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Fic. 2. DistripuTION OF WHITE AND CoLoreD FAMILIES By RENTAL (HoME 
RENTERS, 1933 Onty) (See Appendix, Table 8.) 
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Fic. 3. Proportions oF FAmiies REMAINING AT THE END OF 2.5 YEARS, BY 
Cotork AND RentaL (Home Renters, 1933 Onty) (See Appendix, 
Table 8.) 


The vertical shading of these curves is intended to show roughly the extent to 
which they might vary due to sampling. 


higher part of the scale than that of the colored. The curves for pro- 
portion remaining show clearly that those paying a higher rent are 
the more permanent residents. Inspection of the graph indicates that 
for any particular rental class the difference between the colored and 
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white proportions remaining is probably not significant. Intuitively one 
might not expect that the colored would show a higher proportion re- 
maining than whites. The fact that the curve for the colored is con- 
sistently slightly higher may be explained in part by several factors. 
Nearly all the colored families are included among the home renters, 
whereas the less permanent white residents are in this class—only about 
40 per cent of the total (see Table 3). If the difference is real, even 
though not “significant,” this would deny the suspicion mentioned in 
the preceding paragraph. The fact that the difference in proportions 
remaining between white and colored home renters disappears might 
then be due in part also to the fact that the colored are in a lower rental 
bracket than the whites, and the greater stability of colored home rent- 
ers is offset by the lesser stability of the low-rental group. Another 
factor may be that the colored are more restricted in their movements, 
and hence compelled to remain in one place longer. Also, the residential 
character of the Eastern Health District is such that white families have 
a greater incentive to move away than the colored. 


Family type 


A family, as the picture first comes to mind, consists of a married 
couple with their children. This indeed is the most common type of 
family encountered, even though that description fits less than half 
of all the families found in the Eastern Health District. A large pro- 
portion of the families enumerated consisted of a married couple with- 
out children, and another, similarly large proportion were those which 
included other members besides children, such as grandparents, grand- 
children, etc. A group larger than either of the two last named was 
made up of women without husbands, more than half of these having 
children, grandchildren, or other relatives living with them. 

How to classify families as to type depends on the purpose of such 
classification. From a biologic point of view, direct blood relationship 
is the chief factor to consider. From an economic point of view, the 
number of mouths to be fed is the important thing. The total number 
of combinations of the type of relationships which may exist in a family, 
differentiating between specific relationships such as grandparents, 
grandchildren, in-laws, etc., has provided a set of 192 classes of family 
type. It is obviously not practical to maintain such an extended classi- 
fication, and it would serve no purpose here. Permanence of residence 
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would seem to be related chiefly to the economic and social aspects of 
the family structure. In this study, therefore, families have been classi- 
fied with respect to the presence of (a) a spouse, (b) children, and with 
respect to the sex of the family head when no spouse is present. 


In order to avoid the task of referring to the original family records 
to determine the age of the individual family members, families with 
children are here defined as all households in which children and/or 
grandchildren of the family head are present. Males and females with 
no spouse present may be unmarried, or they may be widowed, divorced 
or separated. In the group with children, the latter is most likely the 
case. The single persons who are bachelors are chiefly without children. 
Here it must be remembered that for a household of bachelors, one of 
them was listed as the “head of the household” and the others as non- 
related members. In the population, therefore, the number of males and 
females with no spouse present is greater than the number of families 
with non-married heads without children. The number of families con- 
sisting of a single member, discussed under family size in a later sec- 
tion, gives the number of lone men and women who are listed as family 
heads (whether living with others or not). The number of persons liv- 
ing alone is given by the number of households of size one. 


The relative proportions remaining at the end of 3 years will be 
considered for family type groups based on these relationships and in- 
dicated in Table 4. This table shows the proportions remaining after 
3 years, for each family type, as well as the percentage owning their 
homes. The great difference between percentage of white families 
owning their homes, and the percentage of colored, has been pointed 
out. The families with children have larger proportions remaining 
than those without,—and in both of these groups the married family 
heads show the greatest permanence of residence. An unexpected ob- 
servation is that among the whites the family heads with no spouse pre- 
sent include the largest percentages owning their homes, and at the same 
time, specific for ownership as well as for color, these are generally the 
classes which have the lowest proportions remaining. 


It is also significant that, of the family heads with no spouse present, 
much the greater number are female. That these show higher pro- 
portions remaining than the corresponding males is somewhat unex- 
pected. By our definitions, single male family heads, if they married, 
would subsequently still be identified as the same family heads. But 
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single female family heads would no longer be family heads after they 
married, and that former family would then be lost from the study. 
If this condition was sufficiently frequent to introduce appreciable dif- 
ferences between male and female proportions remaining, then without 
it the differences between male and female would be even greater than 
shown in the table. 

In this particular discussion, proportions remaining are determined 
mainly by emigration, and it is difficult to put one’s finger on the proper 
explanation for any associations which may exist between emigration 
and family type. A study of changes in family type over a period of 
years, not attempted here, would perhaps throw light on this question. 


Socio-economic class 


Families are classified here according to socio-economic class of 
the oldest worker in the family. In nearly 90 per cent of the cases this 
was the head of the family, and in the others some member related to 
the head. The occupation of boarders or lodgers was never used to 
determine socio-economic classification, since family is here defined 
in the restricted sense (no non-relatives included). Families in the 
servant class are only those not living in the homes of their employers. 
A frequency distribution of families by socio-economic class is shown 
in Fig. 4. 
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Fic. 4. DisTRIBUTION OF WHITE AND CoLoreD FAMILIES BY SOCIO-ECONOMIC 
CLass (1933 + 1036) (See Appendix, Table 9.) 
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Figure 5 A shows the proportions of white families remaining for 
each socio-economic class arranged in order of frequency of that class. 
Figure 5 B is the same thing for colored families. The order of rela- 
tive frequency for the classes is quite different between the white and 
colored, the largest group for whites being skilled workers and fore- 
men, and for colored, ordinary laborers. Figure 5 A shows a tendency 
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Fic. 5. Proportions oF WHITE AND CoLoreD FAMILies REMAINING AT THE END 
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oF Freguency) (See Appendix, Table 10.) 


for the smaller groups to be less permanent, for whites. This tendency 
is not evident for the colored, although it may be obscured by variation 
due to sampling, which is relatively large due to the groups being small. 
There is some logic in expecting the largest occupational groups to be 
the most permanent. If, for example, the type of home in the Eastern 
Health District is of the sort usually occupied by a laborer’s family, 
then such professional families as live in the District have an added 
incentive to move away. 

The effect of home ownership is shown in Fig. 6, and although 
much greater than the effect of classification with respect to socio- 
economic class, it does not seem to affect the relative stability of the 
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different classes. (This breakdown is shown for whites only, because 
so few of the colored families are home owners. The proportions re- 
maining for colored home renters are almost identical with those for 
all colored families.) When occupational groups are placed in order 
of permanence for home owners (as in this figure), this is also the 
order of permanence for home renters. So it may be said that dif- 
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Fic. 6. Proportions or WuitTe FAmitres REMAINING AT THE END oF 3 YEARS, 
BY OWNERSHIP OF THE HOME AND Socio-Economic CLass (ARRANGED 
1N ASCENDING ORDER OF PERMANENCE) (See Appendix, Table 11.) 


ferences between groups in percentages owning their homes (see Ap- 
pendix, Table 10), are not great enough to materially affect the re- 
lative proportions remaining, between groups, even though the order 
of frequency is not the same for home owners and home renters. For 
home owners, skilled workers and foremen are the largest group, where- 
as for home renters, semi-skilled workers ate the most frequent (Ap- 
pendix, Table 11). 


Age of the family head 


Of the various family characteristics (besides home ownership), 
the age of family head is the one which perhaps has the most striking 
association with permanence of residence. Figs. 7 and 8 show the fre- 
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Fic. 7. DistrrpuTion oF WHITE AND CoLorep FAMILIES, BY AGE OF THE FAMILY 
Heap (1933 + 1936) (See Appendix, Table 12.) 


PERCENTAGE OF TOTAL FAMILIES 
(PER 10 YEARS OF AGE) 
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Fic. 8. PrercenTaAGe oF WHITE FAMILIES OwNING THEIR HoMEs, By AGE OF 
THE Famity Heap (1933 + 1936) (See Appendix, Table 12.) 


quency distribution and percentage of whites owning their homes, by 
age of the head. The colored family heads are much younger than the 
whites. The age of head associated with maximum stability is greater 
for colored than for white home owners, as shown in Fig. 9. Maximum 
permanence of residence for white home owners is around age 45. 
For white home renters and for colored it is closer to age 55. As 
pointed out earlier, the colored are mostly home renters. 

The smoothness of the curves of proportion remaining by age of 
the head is evidence of the strong association between these factors. 
At the younger ages the percentage of home owners is naturally very 
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low, as is seen in Fig. 8. But even for home owners only, the permanence 
of residence increases with age up to a certain point. Beyond the age 
of maximum proportion remaining, the stability of families decreases 
as age of the -head increases. This drop probably represents families 
breaking up or otherwise losing their identity by reason of death of 
the head. In other words, the low proportions remaining at the young 






LOr 
WHITE: HOME OWNED 

8F 
° COLORED 
= 
= 
.6F 
o 2¢ 
S 
= .4F WHITE: HOME RENTED — 
& 
o 

2b 

i i rn = l 1 4 at 








re) i 
ie) 10 620 30 40 50 60 70 80 90 
AGE OF THE FAMILY HEAD (YEARS) 
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OwNERSHIP OF THE HoME AND AGE OF THE FAmILty Heap (See Ap- 
pendix, Table 12.) 


ages are probably caused chiefly by migration, whereas at the old ages 
they are probably due to mortality. In this particular, the fact that 
the average interval of observation is three years is of importance. If 
the interval were longer, not only would the entire proportions-remain- 
ing curve be lower, but the effect of death would reach into the lower 
ages, thus probably shifting the peak of the curve to the left. 


Nativity of the family head 


Table 5 shows the proportions of families remaining by nativity of 
the family head. The data are available for the later survey interval 
only, and since there are practically no foreign-born colored in the 
Eastern Health District, this comparison is made for whites only. The 
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TABLE 5 


Proportions of white families remaining at the end of 3.5 years, by 
home ownership and nativity (1936 only) 








PERCENTAGE ORIGINAL 
» OWNERS 
SaaS ewe NUMBER PROPORTION 
N o 
— THEIR OF REMAINING 
NA Y 
—_— HOMES FAMILIES 
Total: 
Native 55-7 8 105 708 005 
Foreign-born 70.2 2 821 -749 .008 
Home owned : 
Native 4 504 .820 .006 
Foreign-born 1 976 818 009 
Home rented: 
Native 3 581 -565 .008 
Foreign-born 840 .588 O17 





proportion of foreign-born remaining is significantly greater than for 
native families. This can be attributed to the fact that 70 per cent of 
the foreign-born are home owners, as against 56 per cent for the natives. 
This in turn can be ascribed to the fact that immigration to the United 
States has declined sharply in the years prior to 1936, and the entire 
foreign-born population is therefore older than the native. When sepa- 
rated by ownership of the home, there is no significant difference be- 
tween native and foreign-born proportions remaining. 


Education of the family head 


Figs. 10 through 12 show the distributions and proportions remain- 
ing by education of the family head. In Fig. 10 we see that the average 
education for whites is higher than for colored. For both races more 
family heads received no schooling at all than went to school as far as 
first or second grade only. If they went to school, most of the whites 
finished grammar school, whereas most of the colored went no farther 
than fifth or sixth grade. 

Fig. 11 shows that a larger percentage of the poorly educated family 
heads are home owners than the better educated. 
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Fic. 10. DistrRIBUTION OF WHITE AND CoLoRED FAMILIES, BY EDUCATION OF THE 
Famity Heap (1936 Onty) (See Appendix, Table 13.) 
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Fig. 12 shows that for the white home owners permanence of resi- 
dence increases slightly with educational achievement, reaching a maxi- 
mum at fifth or sixth grade and beyond. This is about what would be 
expected. For white home renters and colored, the better educated are 
the less permanent residents. This can perhaps be explained by the same 
factor which causes the better educated to include a smaller percentage 
of home owners (Fig. 11), viz., the Eastern Health District is a some- 
what lower than average residential section on the socio-economic scale. 
Residents of the District with an advanced education comprise, among 
others, those professional persons connected with the large hospitals 
and schools located there. These settle in the District only temporarily, 
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do not purchase homes, and are more likely to move out than those of a 
lower educational classification. This does not explain satisfactorily why 
the maximum stability among white home renters (Fig. 12), or the 
maximum percentage of white home owners (Fig. 11), should both be 
among the families whose heads have not gone beyond fourth grade. 
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YEARS OF SCHOOLING OF THE FAMILY HEAD 
Fic. 12. Proportions oF FamiLtiges REMAINING AT THE END oF 3.5 YEARS, BY 
CoLor, OWNERSHIP OF THE HOME AND EDUCATION OF THE HEap (See 
Appendix, Table 13.) 


If foreign birth were an explanation, then this phenomenon would be 
displayed for the home owners too, since a relatively large percentage 
of the foreign-born are home owners (see Table 5). 


Size of family or household 


The terms family and household have been used in this paper inter- 
changeably to refer to a socio-economic unit living in one place. A 
family is defined as including only the related members, not omitting 
in-laws, step-children, adopted children, etc. A household includes in 
addition any servants, boarders, lodgers, or other unrelated persons 
living in the same home. In the great majority of cases in this study 
the terms are in effect synonymous, there being no unrelated persons 
present in the household (see Appendix, Table 14). Although the average 
household is inevitably slightly larger than the average family, it is not 
necessary to describe the relationships between proportions remaining 
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and both family size and household size. When substituting the word 
household for family in Figs. 13 through 15, the effect is merely to shift 


the curves to the right a fraction of one class interval (a slightly larger 
fraction for the colored than for the whites). 
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Fic. 13. DistRIBUTION OF WHITE AND CoLorep FamILies, By FAMILY SIZE (1933 
+ 1936) (See Appendix, Table 15.) 
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Fic. 14. PERCENTAGE OF WHITE FAMILIE; OWNING THEIR HoMEs, By FAMILY 
S1zeE (1933 + 1936) (See Appendix, Table 15.) 


A comparison of percentage distributions by family size for white 
and colored (Fig. 13) is interesting in that it shows that the average 
white family is larger than the average colored family. For the whites 
about 64 per cent of the families have more than 2 members, whereas 
for the colored these constitute only about 50 per cent of all the fami- 
lies. 

Fig. 15 shows a highly significant association between family size 
and proportion remaining, for white home owners as well as for home 
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renters (most of the colored being in the latter category). The larger 
families are decidedly the more stable. Where there are children pre- 
sent there is apparently a slightly higher tendency to own the home 
(Fig. 14), and a strong tendency to remain in one place. In spite of the 
fact that about the same percentage of families of size one as of size 
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Fic. 15. Proportions oF FAMILIES REMAINING AT THE END oF 3 YEARS, BY 
Cotor, OWNERSHIP OF THE HoME AND FAMILY Size (See Appendix, 
Table 15.) 


5 or 6 seem to be home owners, the “bachelor” families are the least 
likely to remain, whether they own their homes or not. 


Number of wage-earners in the family 


In the great majority of the cases there is one wage-earner in the 
family, as shown in Fig. 16, with about an equal number of families 
having more than one wage-earner and none. The percentage distri- 
bution of families by number of wage-earners per family is nearly 
identical for white and for colored. 

In view of the fact that the stability of families seems to vary directly 
as the number of wage-earners per family, as shown in Fig. 18, it 
would seem that the number of wage-earners is correlated with the 
economic well-being of the family, regardless of home ownership. For 
families with one or more wage-earners this is accounted for to a slight 
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extent by the fact that the percentage owning their homes also increases 
with the number of wage-earners, as is seen in Fig. 17. 
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Fic. 16. DistRInsuTION OF WHITE AND CoLorep FAMILIES, By NUMBER OF WAGE- 
EARNERS IN THE FAMILY (1933 + 1936) (See Appendix, Table 16.) 
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Fic. 17. PERcENTAGE OF Waite Famities Own1nc THErR Homes, spy NUMBER 
OF WAGE-EARNERS IN THE FaMILy (1933 +1936) (See Appendix, 
Table 16.) 
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For families having no wage-earners, such stability as they show 
seems to be due to a greater extent to the percentage owning their homes. 
Among the white home owners only (Fig. 18) these families are decid- 
edly less permanent than those with one or more wage-earners. That 
the non-wage-earner families include a relatively high percentage of 
home owners may be ascribed to the fact that if the home were not 
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Fic. 18. Proportions or FAmIties REMAINING AT THE END OF 3 YEARS, BY 
Cotor, OWNERSHIP OF THE HOME AND NUMBER OF WAGE-EARNERS IN 
THE Famity (See Appendix, Table 16.) 


owned, such families would probably break up or move away. In other 
words, among the home renters non-wage-earner families are relatively 
scarcer than among the home owners (Fig. 17). 

One might suspect that more than one wage-earner in the family 
would be an indication of economic insecurity——a single wage-earner 
not providing enough support by himself. Using the relative stability 
of these families, and the percentage owning their homes, as an indica- 
tion, there is no evidence that this is true here. The well-to-do, where 
the head of the house is traditionally the only provider, are relatively 
scarce in the Eastern Health District. It was pointed out earlier that the 
groups having the largest proportion of home owners are the foreign- 
born and those of mediocre educational achievement. In such families, 
having more than one wage-earner is certainly a desirable state, and 
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one which enhances their economic well-being, and hence their perman- 
ence of residence. 
In this connection Table 6 shows that families on relief are decidedly 


TABLE 6 


Proportions of families remaining at the end of 3.5 years, 
by color and relief status 











WHITE COLORED 
Original ’ Original : 
amined Proportion . oomewal Proportion " 
families *™4ining families *C™@ming 
Families on relief 864 .638 016 907 555 O17 
Non-relief families 10 008 725 .004 2 107 .608 OI 





less permanent than those not on relief. 


III. SUMMARY AND DISCUSSION 


The purpose of this study is to obtain a dynamic picture of what 
happens to families, as revealed by censuses repeated at intervals of 
several years. Three surveys of the Eastern Health District of Balti- 
more, in 1933, 1936, and 1939, have provided data for a population of 
some 56,000, constituting a total of a little less than 14,000 families. 
This population has no strikingly unusual characteristics, and resembles 
the population of Baltimore as a whole in that about 23 per cent are 
Negro, 14 per cent are foreign-born, and the age distribution resembles 
that of the city although the average age for the District is slightly 
lower. Socio-economic classification places over 50 per cent of the whites 
in the skilled and semi-skilled worker category, and nearly 80 per cent 
of the Negroes in the laborer and servant groups. 

The present analysis consists of counting and classifying all the 
families in the District at a given census, and then determining what 
proportion of these families are identified as being present at a sub- 
sequent census. Identification is based on the presence of the family 
head, or his wife, at the later date. Families no longer present may be 
assumed to have moved away in the great majority of cases, as revealed 
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by evidence presented in other studies. Some families, however, are 
known to have been “lost’”’ by reason of death of the only family head, 
or by being broken up for other reasons. The basic factor studied in 
this paper is the proportion of families, in particular groups or classi- 
fications, remaining in the District. 

The present study corroborates evidence presented elsewhere, viz., 
that families do not leave a study area at a constant rate, but at @ de- 
creasing rate. That is to say, families differ in their stability, and a 
given group of families will decrease in size more rapidly at first, and 
less rapidly as the proportion of unstable families in the group de- 
creases (i.e., the probability of a family’s remaining increases). The 
evidence is that curves representing proportion of original families re- 
maining, by time since original observation, are generally “sharper” 
than an exponential curve (the latter would be the expected shape of 
a curve if families were lost from the study at a uniform rate). 


In comparing the characteristics associated with proportions re- 
maining, it is evident that families one category may be lost from the 
study at a greater rate than families in another category. Thus, when 
comparing Negroes with whites, the latter are much the more stable. 
Possible reasons for this difference will be reviewed presently. 

Classifying families by type, such as the presence or absence of 
children, whether the head is married, and if no spouse is present, 
whether male or female: families with children are more stable (more 
“permanent” ) than those without; married couples are more permanent 
than heads with no spouse present; and of the latter the females re- 
main in greater proportion than males. 

In comparing the proportions remaining in any two groups, two 
reasons present themselves as being the possible cause of finding a 
significantly higher proportion remaining for one group than for an- 
other. First, group A may be inherently more stable than group B. In 
this event A may be considered a more desirable or more natural state 
than B. Families are not as likely to move or break up when they are 
in that state, and one would expect to find more families of type A than 
of type B at any given time. The logic of this theory is supported by 
several of the findings in this paper. Of the various family types, 
families with children are more numerous and more permanent than 
families without children. Likewise families headed by married couples 
outnumber those with single heads, and they are much more stable. 
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The other possible assumption is that families in given groups are 
disappearing and not being replaced, and that group A has a higher 
proportion remaining than group B because the original observation 
made was at a point farther along the curve of proportions remaining, 
i.e., a point where that curve is flattened out and no longer falling as 
rapidly as at first. The latter hypothesis, for example, might explain in 
part why the white families show higher proportions remaining than 
the colored. The percentage of colored population in the Eastern Health 
District increased slowly but steadily from 1933 to 1939. The white 
families moving away were probably not replaced in like numbers, and 
the average white family remaining was therefore more stable or more 
permanent than the average colored family in the District. 

In grouping families according to socio-economic class there seems 
to be a high degree of association between size of the group and ~ 
proportion remaining. Skilled workers and foremen are the most num- 
erous and the most permanent. With respect to the lower economic 
classes, permanence may represent an achievement akin to success in 
attaining economic stability. For the white-collar workers and pro- 
fessionals, the relative instability of such families may be taken as 
evidence that the Eastern Health District is not naturally their most ap- 
propriate residence as far as the whites are concerned. It is obvious 
that frequency and permanence are not universally associated. It is 
always possible to select a group so that the most stable will constitute a 
small minority. But whatever the specific factors may be which are 
responsible for migration, or for permanence, if a given characteristic 
represents an unnatural or undesirable state, then the natural tendency 
will be for such families to move away to more congenial surroundings, 
or for that state to change and perhaps destroy the identity of the fam- 
ily in the process. 

Of the various characteristics associated with permanence of re- 
sidence, ownership of the home is one of the strongest factors. For 
this reason, each of the other factors Studied in this paper has been 
correlated with home ownership (for whites) as well. The difference 
in permanence between white and colored practically disappears when 
made specific for ownership of the home. This finding is not at all 
surprising, and it points to the observation so frequently encountered 


in comparisons between Negroes and whites, viz., that the difference 


between the races in many respects is chiefly a socio-economic one. We 








120 H. M. C. LUYKX 


might be justified in saying that Negro families are less stable because 
such a small proportion own their homes. Correlation of course does 
not necessarily indicate causal relationship. In the case of home owner- 
ship and race or color, it is not illogical to assume that a family aims 
at home ownership as a desirable attainment. In most cases, success in 
this endeavor may be the direct cause of permanence of residence. Cer- 
tainly migration, enforced by seeking occupation or more congenial sur- 
roundings elsewhere, may be the cause of not purchasing a home. 

Age of the family head is also one of the most important characteris- 
tics associated with permanence of residence, and one where one is 
tempted, with some logic, to identify correlation with cause and effect. 
Young family heads are more likely to change jobs; they are less like- 
ly to be home owners; and they are therefore more likely to move. To- 
wards middle age they have larger families, their habits become more 
settled, they may purchase homes, and thus become more permanent re- 
sidents. Towards old age the family heads die off, and one would ex- 
pect the families to be lost from the study more quickly due to breaking up 
or otherwise losing their identity under the definitions used in this 
analysis. The age of the head is a characteristic peculiar in itself when 
compared with other bases for classifying families, such as nativity, 
education, etc. Since this study is applied to a given cohort of families, 
and change in age is inevitable and in no way subject to random or un- 
controlled factors, the length of the interval studied has a direct effect 
on the reasons to be ascribed to loss of families from the study. In the 
present instance, with an average 3-year interval, the proportions re- 
maining among old family heads are considerably less than among young 
family heads (even considering home owners and home renters separate- 
ly). Since at the older ages death of the head is an important factor, 
this cause would be materially decreased if the interval were shorter— 
one year, let us say. Then the proportions remaining in the older groups 
might be expected to be as high as, if not higher than, those for the 
youngest groups. 

The differences in proportions remaining when families are grouped 
according to nativity, or according to education of the family head seem 
to be due almost entirely to the factor of home ownership. The foreign- 
born are the most permanent and also have the highest percentage own- 
ing their homes; and the same thing is true of families whose heads 
received only three or four years of schooling. 
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Size of family, and number of wage-earners in the family both seem 
to support the principle of “the larger the better,” from the point of 
view of permanence of residence. In neither case is this accounted for 
entirely up the percentage owning their homes. Assuming that stability 
represents a desirable state, this might be used as evidence that large 
families and more than one wage-earner are characteristics associated 
with family well-being. 


There are many instances in which the investigation of a problem in 
hygiene or public health requires that families be followed for a given 
length of time—perhaps a number of years; or that a given survey of 
a population be repeated after a certain interval for purposes of com- 
parison. When the family is the basic unit of such an investigation, it 
is important to have an indication of the extent to which families ori- 
ginally studied can be identified at a later date. 

Table 7 lists the various family characteristics analysed in this paper 
with respect to permanence of residence. It shows in a general way the 
categories with the highest and lowest proportions remaining, regardless 
of cause or association of such classes with other classes analysed here. 
In the planning of a follow-up study it may be desirable to omit from 
the investigation families which appear to be the least stable, provided 
this is not inconsistent with the purpose of such a study. In order to 
direct an investigation toward the most permanent families in the popula- 
tion, it is convenient that in certain categories, such as color, family type 
or socio-economic class, the most stable are also the most numerous 
classes. Of the categories listed in Table 7 as having the highest “stabil- 
ity,” some classes exhibit much higher proportions remaining than 
others. Thus white home-owner families, either married (Table 4), 
or with 9 or more members in the family (Appendix, Table 15), or with 
4 or more wage-earners (Appendix, Table 16), each showed over .9 as 
the proportion remaining at the end of 3 years. These families would 
be the most desirable as the base population for a follow-up study, pro- 
vided they constitute a sufficiently large proportion of the total families, 
and do not introduce a serious bias. Of these three categories, however, 
even the largest—the married white home-owner families—constitute 
less than 30 per cent of the total families in the district. 
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TABLE 7 


Family characteristics associated with the highest and the lowest 
proportions remaining 











CATEGORIES 
CLASSIFICATION ; i . 
Highest proportion Lowest proportion 
remaining remaining 
Color White Colored 
Home ownership Home owned Home rented 
Rental $25 per month or $5 per month or 
more less 
Family type: 
Presence of children With children Without children 
Marital status of the 
family head Married No spouse present 
Sex of the family head 
when no spouse is present Female Male 
Socio-economic class Skilled workers Professional, or 
and foremen servant class 
Age of the family head 50-55 years Under 30, or 70 
and over 
Nativity of the family head Foreign-born Native 
Education of the family head 3rd or 4th grade High school or 
college 
Size of family Q or more members I member 
Number of wage-earners 4 or more None (family on 
in the family relief) 





On the other hand, white home-renters, either with no spouse pre- 
sent (Table 4), or with only one member in the family (Appendix, 
Table 15), or colored families paying less than $10 per month rent 
(Appendix, Table 8), or with male heads with no spouse present (Table 
4), each showed a proportion remaining at the end of 3 years of less 
than .4. These families would be especially to be avoided in a follow-up 
study, if we had the choice. 

In any event it is useful to have some knowledge beforehand of the 
extent to which families in given categories may be lost from the study, 
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and to be able to foresee what effect this might have on the expected 
results, with the opportunity to do a certain amount of selecting with 
respect to relative permanence of residence. 
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TABLE 9 
Distribution of families, by color and socio-economic class 
(1933 + 1936) (Fig. 4) 
WHITE COLORED 
SOCIO-ECONOMIC CLASS 
, Number Per cent Number Per cent 
Total families 21 767 100.0 5 807 100.0 
Professional 660 3.0 77 1.3 
Proprietors, officials, etc. 3 047 14.0 183 3.1 
Clerical workers, etc. 2 919 13.4 67 1.1 
Skilled workers and foremen 6 621 30.4 328 5.6 
Semi-skilled workers 5 579 25.6 I 109 18.8 
Other laborers I 471 6.8 2 661 45-1 
Servant class 629 2.9 I 320 22.4 
Unknown occupation, or none 841 3.9 152 2.6 
TABLE 10 
Proportions of families remaining at the end of 3 years, by color and 
socio-economic class (Fig. 5) 
PERCENTAGE ORIGINAL 
COLOR OWNING NUMBER proporTION ‘s 
AND THEIR OF REMAINING 
SOCIO-ECONOMIC CLASS HOMES FAMILIES 
W hite: 
Professional 54.0 660 .620 019 
Proprietors, officials, etc. 70.3 3 047 .762 .008 
Clerical workers, etc. 61.0 2 919 wis .008 
Skilled workers and foremen 66.1 6 621 77 005 
Semi-skilled workers 55.0 5 579 718 .006 
Other laborers 52.0 I 471 740 OI 
Servant class 47.1 629 .646 O19 
Colored: 
Professional 77 714 052 
Proprietors, officials, etc. 183 612 .036 
Clerical workers, etc. 67 657 .058 
Skilled workers and foremen 328 625 .027 
Semi-skilled workers I 109 589 O15 
Other laborers 2 661 621 .009 
Servant class I 320 564 O14 
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TABLE 11 


Proportions of white families remaining at the end of 3 years, by ownership 
of the home and socio-economic class (Fig. 6) 











ORIGINAL 
HOME OWNERSHIP NUMBER PROPORTION . 
AND OF REMAINING 
SOCIO-ECONOMIC CLASS FAMILIES 
Home owned: 
Professional 356 .767 022 
Proprietors, officials, etc. 2 139 832 .008 
Clerical workers, etc. I 769 820 .009 
Skilled workers and foremen 4 366 861 005 
Semi-skilled workers 3 061 832 007 
Other laborers 761 850 013 
Servant class 206 804 .023 
Home rented: 

Professional 303 .446 .029 
Proprietors, officials, etc. 902 596 016 
Clerical workers, etc. I 133 550 O15 
Skilled workers and foremen 2 236 616 O10 
Semi-skilled workers 2 508 578 O10 
Other laborers 703 .620 018 
Servant class 332 503 .027 








TABLE 12 
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TABLE 14 


Proportion of households having members who are not related to the 
head of the family, by color (1933 + 1936) 








WHITE COLORED 
Total households 21 767 5 807 
Households with unrelated members 806 I 200 

Percentage of the total households 4.1 20.3 
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COMPLETED GENERATION REPRODUCTION 
RATES 


BY T. J. WOOFTER* 
Director of Research 








Federal Security Agency 


| HIS article explores the possibility of a fresh insight into 
fertility by using completed generation reproduction rates 
as the measure. It outlines the trend of generation fertility 
=. in the United States since 1860, and develops the possibility 
of generation rates by order of birth and parity of women. 

All generally used fertility rates are based on the behavior of a 
particular group of women at a particular time. The true rate of 
natural increase is derived from the birth and death rates and sex 
ratio at birth of a single calendar year. Rates which are based on the 
ratios of children under 5 years of age to women measure the fertility 
of the group for the five years prior to the enumeration as reduced by 
mortality in the ages 0 to 4 during that time. The most widely used 
gross reproduction rate (which, for purposes of distinction, we shall 
refer to in this article as the calendar year gross reproduction rate) is 
based on the age-specific fertility rates of a single calendar year. Thus, 
the calendar year gross rate for 1940 may be defined as the sum of the 
1940 age-specific birth rates of female infants per 100 women of each 
single year of age in 1940. (It is also sometimes expressed in terms of 
rates per 1,000 women or per woman.) Computation is more frequently 
carried out in terms of the fertility rates of 5-year age groups of women, 
in which case the sum of these rates is multiplied by 5 in order to allow 
for the fact that five years elapse while the- women are passing through 
this age group. Thus, the calendar year rate is the total of the female 
fertility rates of that particular year per 100 women in the childbearing 
ages, assuming the same number of women in each age. This rate is also 





* The author is indebted to R. J. Myers and L. O. Shudde of the Office of the 
Actuary, Social Security Administration, for helpful suggestions and the calculation 
of generation survival rates in Table 3A. 
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often interpreted as the number of daughters which would presumably 
be born to a cohort of 100 women living through the childbearing period, 
under the assumption that the age-specific rates of the calendar year 
are constant throughout the years in which the women are in the child- 
bearing ages. In this sense, the rate of a single calendar year is assumed 
to forecast the performance of a generation. 

The conversion of the calendar year gross rate into a net rate in- 
volves the further assumption that the mortality rates of the calendar 
year under consideration will remain constant throughout the survival 
span of the generation—i.e., the age-specific fertility rate of each age 
group of mothers is multiplied by the current survival rate from age o 
up to that age. This yields an estimate of the number of daughters 
per 100 women passing through the childbearing period who will 
survive to the age at which their mothers gave them birth or, stated an- 
other way, the number of girl babies that 100 girl babies just born will 
give birth to in their lifetime. 

In general, the objective of generation rates is similar, namely, to 
evolve measures of the gross number of daughters, or the net number, 
who will survive to the age at which their mothers gave them birth. 
Fertility and mortality rates of a single calendar year are, however, not 
held constant. The fertility rates of the mothers are those of the calen- 
dar years when they attain successive ages—i.e., in the case of women 
who were I5 years of age in the 1915 generation, the fertility rate for 
that age in the year 1915 is used; for women 16 years of age in that 
generation, the rate for 1916 is used, etc., up to the rate for the women 
44 years of age in 1944 (cf. Table 1). The sum of these single year 
rates for the appropriate calendar years of the childbearing period equals 
the generation gross reproduction rate, or the total number of daughters 
born to the cohort of women entering age 15 in 1915 and passing through 
subsequent ages up to age 45. 

The conversion of the generation gross rate to generation net rate 
discards the assumption of constant mortality rates and applies to each 
cohort of daughters the mortality rates appropriate to the calendar years 
of their survival—i.e., the daughters of mothers who were I5 years 
of age in 1915 must live through the calendar years 1915-1929 before 
attaining their mother’s age. Hence, survival rates for these daughters 
were selected from tables for these years. Likewise, daughters of moth- 
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ers 16 years of age in 1916 must live through the calendar years 1916- 
1931, etc.? 

The generation net reproduction rate is the rate at which the women 
of a generation are replaced by their daughters who survive to the ages 
attained by the mothers when they gave them birth. 

Thus, the term “beginning year” as used in this paper refers to the 
calendar year when the cohort of women attains the age 15, and a 
generation is usually designated by the date of its beginning year. The 
term “appropriate calendar year” refers to the calendar year when the 
women or their daughters attain a specific age. In these terms, the 
difference between the concept of the calendar year rate and the genera- 
tion rate may be simply stated: The calendar year rate assumes that 
the fertility and mortality rates of a single calendar year will remain 
constant throughout the life of a parent and offspring generation (which 
is never true) ; the generation rate, on the other hand, assumes nothing, 


* Generation rates are presented in a Study issued by the Statistique Generale 
de la France as Etudes Demographiques No. 1—‘“Reproduction Nette en Europe 
depuis Il’Origine des Statistiques de l’Etat Civil.” (Cf. Population Index, April 
1946, pp. 74, 80.) This Study develops two different concepts of the generation 
net reproduction rate which are equally valid but give slightly different results, 
owing to the different mortality concept involved. They are: (1) calculation with 
respect to 100 women at the date of their birth of the number of daughters their 
survivors will probably bear; and (2) calculation with respect to 100 women 
age 15 of the number of daughters their survivors will probably bear, excluding 
all such daughters who are estimated to die before age 15. It will be recognized 
that these concepts differ slightly from that employed in this article, namely, (3) 
survival of daughters to exact ages of mothers at the time when their daughters 
were born. 


When constant mortality rates are assumed, as in the calendar year net reproduc- 
tion rates, these concepts are mathematically equivalent, but when improvement in 
mortality is allowed for by the generation principle, different results are obtained 
because, age for age, the survival rates of the daughters are more favorable—i. e., 
in calculating (1) daughters born per 100 women born, the age-specific fertility 
rates are multiplied by the survival rates of the. mothers up to those ages. Thus, 
the survival rates used in the computation of (1) are those of a generation earlier 
than those used in computing (3). The calculation of (2) involves survival rates 
intermediate between (1) and (3). 


Formula (3) is preferred in this article because in order to compare the full 
reproductive potential of the generation of mothers and the generation of daughters, 
survival up to the age of the mothers should be calculated from rates appropriate 
to the years through which the daughters must live. Otherwise, the superior pro- 
bability of survival of the second generation is not fully taken into account. 
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but, when data are available, employs the actual rate of the appropriate 
calendar year for women who attain a particular age during that year. 
Various assumptions as to future fertility and mortality trends may 
be introduced if the attempt is made to estimate rates for generations 
whose fertility behavior or mortality experience extends into the future. 
The choice of appropriate rates constitutes the only difference between 
calendar year and generation methods. Computation procedures are the 
same. 

The reproduction rates currently in use are sometimes referred to 
as measures of reproduction per generation. Whelpton, however, has 
pointed out that this is a loose use of the term “generation”? because, 
in the current method of calculating reproduction rates, the so-called 
“generation” is really a cross-section of all women of childbearing ages 
during a single calendar year. Thus, the traditional method of computa- 
tion mixes women from a number of generations, some of whom en- 
tered the childbearing age only one year before and some 30 years be- 
fore. To assume that such a cross-section of experience represents a 
generation is to assume that such experience will be repeated by a cohort 
which will actually pass through these ages in successive calendar years. 
Strictly speaking, therefore, the term “generation” should be defined as 
a cohort of women beginning about age 15 and actually passing through 
all ages up to about age 45. For example, women who are I5 years of 
age in the year 1915 should be followed through to the age 45 in the 
year 1945. 

In order to avoid some of the disadvantages which underlie the pres- 
ent types of reproduction rates, Glass has proposed corrections for 
duration of marriage. Whelpton has proposed refinements for rates of 
marriage, sterility, and parity. Both of these methods are useful for 
standardization of annual birth rates by age and should be valuable in 
further analysis of current fertility. These refinements, however, re- 
quire somewhat laborious computations and the use of data not generally 
accessible for many populations and sub-groups. Furthermore, both 
methods are still based on the behavior exhibited during a single cal- 
endar year, and they assume that the effects of marriage ratios and birth 
orders on fertility will be the same in the future as they are in the 
calendar year under consideration. 


* Whelpton, P. K. “Reproduction Rates Adjusted for Age, Parity, Fecundity, 
and Marriage,” Journal of the American Statistical Association, December 1946. 
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What neither refinement allows for and what no amount of refine- 
ment of ratios based on a single calendar year can allow for is the fact 
that childbearing covers a span of about 30 years; and, during such a 
period of time, the generation is subject to varied social and economic 
climates, and these environmental factors have the most marked effects 
on reproduction. 

It is pertinent, therefore, to suggest that fresh insight may be 
gained into the analysis of fertility by tossing as many assumptions as 
possible into the wastebasket and, as Al Smith used to say, “taking a 
look at the record.” If the births of a generation from age 15 to age 45 
have actually been recorded, we do not need to assume anything, since we 
are observing its actual behavior. By doing this, we are enabled to ob- 
serve directly the effect of the socio-economic climate on marriage rates 
and the parity of mothers and to observe further how these factors have 
actually affected the childbearing record of a generation which has 
actually lived through the childbearing period. 


THE DATA 


Fortunately for students in the United States, the record of age- 
specific birth rates now covers a sufficient period of time to afford fair- 
ly accurate observations as to the actual behavior of several generations 
by following them from the beginning to the end of the period. The 
native white age-specific birth rate figures published by Thompson and 
Whelpton in their National Resources Planning Board “Estimates of 
the Future Population, 1940-2000,” page 15, go back as far as 1920. 
With negligible error, the period may be extended back to 1915 by esti- 
mating the birth rate in the ages 15 to 20. 

The estimates for the years 1915-1930 have to be further adjusted 
for incompleteness of the birth registration area in these years when 
some of the high fertility states were not included. In order to correct 
for this incomplete coverage, Whelpton prepared a series of estimates 
published in Population Statistics—State Data (National Resources 
Committee, 1937), showing averages for 1918-21 and 1929-31. In the 
present article, these estimates and combination of the two were used 
for 5-year age groups which appear in the generations beginning before 
1930. Subsequent figures down to 1941 were taken from “Estimates of 
the Future Population, 1940-2000,” Table B-2. Rates from 1941 to 
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1946 are from Vital Statistics Reports and are corrected for under- 
registration, and rates after 1946 are estimated. Since the generation 
beginning in 1920 was age 42 in the year 1947, it is only necessary to 
estimate their birth rate after age 42 to secure their actual performance 
also. This range of experience may be extended even farther down to 
date by estimating future birth rates above age 30. Since less than 30 
per cent of the gross fertility occurs above age 30, minor errors in esti- 
mates of this portion of the total births will not greatly affect the size 
of the gross reproduction rate if estimates above this age adhere reason- 
ably well to past experience. In Table 2 the estimated figures are print- 
ed in italics. These estimates adhere reasonably closely to the high fer- 
tility assumptions of Thompson and Whelpton (“Estimates of the Fu- 
ture Population of the United States, 1940-2000”), except that in the 
1930 generation some compensatory increase was allowed because of 
the low fertility in the early ages. The high rather than the medium as- 
sumptions were followed in the 1935 and 1940 generations on the as- 
sumption that high birth rates in the early ages might encourage births 
of the higher order in the later ages. The use of medium fertility esti- 
mates rather than high fertility estimates for these upper ages would, 
however, make a reduction of only about 1 per cent in the gross repro- 
duction rates of these latter generations. 









































COMPUTATION OF GENERATION GROSS RATES 


There are two possible methods of calculating gross fertility by the 
generation method, both of which are illustrated for part of the genera- 
tion beginning 1915 in Table 1. In Column 2 of this table, specific rates 
for single years of age are estimated. These estimates were computed 
by multiplying the 5-year age-specific rates in the appropriate calendar 
years, as shown in Column 4, by factors for estimating the ratio of fer- 
tility in a single age to fertility in the whole 5-year span. For example, 
a specific rate for age 15 in Column 2 is obtained by multiplying 53 (in 
Column 4) by .13. Such conversion factors can be obtained from single- 
year age-specific rates which are published at irregular intervals in the 
Vital Statistics Reports. Since these factors are estimates, it appears 
just as accurate and considerably more convenient to measure the fer- 
tility of a 5-calendar-year period by the sum of the five appropriate 5- 
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TABLE 1 


Age-specific fertility rates for generation beginning 1915* 























AGE OE ESTIMATED CALENDAR 5-YEAR 
MOTHERS SINGLE-YEAR RATE YEAR RATE 
15 6.9 1915 53 
16 19.5 1916 52 
17 44-5 1917 52 
18 82.5 1918 54 
19 106.5 1919 50 
5-year total 259.9 261 
20 141.9 1920 160 
21 158.3 1921 164 
22 158.6 1922 154 
23 159.8 1923 150 
24 162.3 1924 155 
5-year total 780.9 783 
25 158.3 1925 141 
26 147.0 1926 136 
27 131.6 1927 134 
28 124.2 1928 130 
29 114.7 1029 133 
5-year total 675.8 674 





* For discussion of this method, see Whelpton, P. K., “An Empirical Method 
of Calculating Future Population,” Journal of the American Statistical Assocta- 
tion, September 1936, and Kuczynski, R. R., The Measurement of Population 
Growth, p. 117. 


year age-specific rates, shown in Columm 4, instead of by the sum of the 
estimated single-year rates, as shown in Column 2—i.e., in Column 4, 
aggregate fertility in ages 15 through I9 is approximated closely by 
adding annual fertility rates for ages 15-19 during five successive cal- 
endar years. Since this method is based on the use of the five appropriate 
5-year specific rates, it indexes fluctuations within the five calendar 
years when the women were within that 5-year age span. It will be 
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noted that there is only a slight difference between the 5-year sub-totals 
of these two columns. The method applied in Table 2 is, therefore, that 
of listing age-specific rates for 5-year groups for the appropriate five 
consecutive calendar years and summing these rates. The grand total 
indicates the number of children born per 1,000 women who have passed 
through the childbearing ages. This total is multiplied by .0485 to arrive 
at the number of female births per 100 women in the generation. 

In presenting a table such as Table 2, the reader should be warned 
that the rates shown in the table do not represent single-year age-specific 
rates but are chronological arrangements of 5-year rates which, when 
totaled by groups of five calendar years, approximate with a high degree 
of accuracy the sum of the five single-year specific rates; or, when 
totaled for all the years in the generation, approximate the grand total 
of all the single-year specific rates for ages 15 to 44. 


THE RESULTS 


Accordingly, Table 2 presents for native white women the age- 
specific birth rates and generation gross reproduction rates for genera- 
tions beginning 1915, 1920, 1925, 1930, 1935, and 1940. The first three 
generations are based almost entirely on actual experience; the next 
two involve some degree of projection of past experience in estimating 
future fertility above age 30; the 1940 generation rates are frankly 
based, for the most part, on estimates which were made on the assump- 
tion that the course of fertility of this generation in ages 25 through 
44 will follow (at a lower level) the pattern of the years after World 
War I, as exhibited by the generation beginning in 1915. By rearrange- 
ment of the figures in Table 2, it is possible to calculate rates for any 
generation in the period covered. For instance, by dropping the first 
figure of each 5-year group in the 1915 generation and adding the first 
figure from each 5-year group of the 1920 generation, the rearranged 
rates are appropriate to the 1916 generation. 

Table 3 compares these full generation rates with the rates applying 
to the calendar year in which the generation entered childbearing age. 
This table indicates that instead of a rate of 150 which characterized 
the calendar year 1915, the full chronological experience of the cohort 
beginning that year resulted in the rate of 119. From the 1915 to the 
1920 generation, there is a significant decrease in the completed fer- 
tility from I19 to 109, about 8 per cent, but during the period from 





or \y 


GENERATION REPRODUCTION RATES 


TABLE 2 


Fertility rates per 1,000 women by age, total children born and gross reproduction 
rates for generations beginning 1915 to 1940, native white women, total 


United States 


(Figures in italics are estimates of fertility after 10947.) 
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MOTHER'S GENERATION 


SPAN OF GENERATION 














poe utenti IQ15- 1920- 1925- 1930- 1935- 1940- 
1944 1949 1954 1959 1964 1969 
I 53 51 49 48 43 45 
~ 52 55 47 45 43 47 
5-19 4 3 52 50 48 44 45 51 
4 54 50 46 4! 46 52 
Ys 50 53 44 43 45 46 
6 160 I4I 134 123 132 133 
7 164 137 128 124 142 147 
20-24 + 8 154 137 124 127 160 140 
9 150 135 116 132 158 130 
| 10 155 135 122 127 146 130 
II 14! 127 115 124 136 131 
12 136 122 114 132 155 131 
25-29 4 13 134 118 116 146 145 131 
14 130 113 120 153 135 131 
L 15 133 117 119 140 130 I3I 
{f 16 04 78 83 100 &0 79 
17 88 77 86 105 80 79 
30-34 +4 B 84 7 gI 95 80 79 
19 79 80 100 87 80 79 
| 20 81 80 99 87 80 7 
21 49 45 56 47 46 45 
22 47 47 60 47 46 45 
35-39 4 23 45 46 55 47 46 45 
24 45 52 45 47 46 45 
L 25 4 54 45 47 46 45 
26 15 16 15 15 15 15 
27 14 16 15 15 15 15 
40-44 28 14 16 15 15 15 15 
29 15 14 15 15 15 15 
| 30 16 14 15 15 15 15 
Total children 
per 1,000 women 2,448 2,254 2,237 2,333 2,366 2,271 
Female children 
per 100 women 118.7 109.3 108.5 113.2 114.7 110.1 








Las 


* The appropriate calendar year of the birth rate at any age is obtained by 
adding the generation year minus one to the beginning calendar year of the 
generation. Thus, the appropriate year for mothers age 25 in the 1930 generation 
is 1930 plus II minus I, or 1940. 
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TABLE 3 


Calendar year and generation reproduction rates, 1915-1940, native white 





CALENDAR YEAR 








BEGINNING GROSS REPRODUCTION GENERATION 
YEAR RATE FOR 
BEGINNING YEAR Gross rate Net rate 

1915 150 119 107 
1916 149 116 105 
1917 149 114 104 
1918 148 112 102 
1919 146 111 IOI 
1920 147 109 101 
1921 149 109 101 
1922 140 109 101 
1923 140 109 101 
1924 141 109 101 
1925 138 109 101 
1926 132 109 102 
1927 128 110 103 
1928 126 110 104 
1929 119 112 106 
1930 118 113 107 
1931 113 113 107 
1932 109 113 107 
1933 103 115 108 
1934 106 115 109 
1935 105 115 109 
1936 103 114 109 
1937 104 113 108 
1938 107 113 108 
1939 105 III 106 
1940 108 110 105 
1945 117 ae - 
1946 131 =~ _ 





1920 to 1940, while the calendar year gross reproduction rates showed 
an extreme drop from 147 to 108, the completed rates for generations 
beginning in this period showed a remarkably level trend, only fluc- 
tuating by a few points. Table 3 compares the fluctuations in the two 
series. An outstanding characteristic of the generation rates is their 
relative stability. 
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If predictions as to future fertility had been based on the calendar 
year gross reproduction rate of 105 in 1935, the outlook would have 
been very gloomy. On the other hand, the generation beginning repro- 
duction in 1935 will probably have one of the highest completed rates 
in recent years (gross rate 115, net rate 109), because the women I5 
years of age in 1935 were from 20 to 24 during the war boom period 
of 1940 to 1944 and were 25 to 29 in the post-war period 1945-1949. 
Therefore, they show high specific birth rates in the ages 20 to 30 
where the maximum fertility occurs. 

Examination of the internal fertility pattern of some of the com- 
pleted generations in Table 2 will indicate that it so happens that each 
one has been subject to partially offsetting socio-economic influences 
at different phases of the childbearing span and, likewise, probably to 
the tendency for abnormally low or high parities at the beginning of the 
generation, to be, in part, compensated in the older age groups. For 
example, the 1915 generation reached the high fertility ages (20 to 29) 
in the high fertility climate of the post-World War I period, but fer- 
tility in the older ages of this generation was reduced during the de- 
pression period. There was less compensation in the 1920 generation, 
since its birth frequencies were lower all the way along the line than 
1915. In the generation beginning 1925 and especially in that beginning 
1930, the normally heavy fertility in the lower ages was reduced by the 
coincidence of these ages with the depression years, but this early re- 
duction was largely offset by increases in the older ages during the 
war and post-war boom. 


COMPUTATION OF NET RATES 


Inasmuch as these age-specific birth rates have been compiled on 
a generation principle, it is possible to convert them into net rates by 
the use of generation life tables (cf. Table 3A). The present method 
of conversion of gross rates to net rates assumes that the life table of 
the calendar year under consideration will apply in the future to the 
daughters who are born during that year. Application of the generation 
life table enables us to discard this assumption and take into consid- 
eration the improvement in mortality rates with the passage of time. 
Owing to the progressive improvement in mortality, the trend in gen- 
eration net reproduction rates is even more favorable than the trend 
in gross rates. 
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TABLE 3A 


1915 generation survival rates (spe) for 5-year age groups, 5 calendar-year periods— 
for calculation of daughters’ survival to age of mothers when births occurred. 
Death rates from U. S. Life Tables to 1940, from Thompson and 
Whelpton’s medium mortality estimates thereafter 











CHILD’S DATE OF BIRTH® 
AGE” 
a 1917% 19224  1027%  1032% 193742  1042% 
0 896 .916 .928 .939 949 957 
5 .989 991 .993 .995 996 .997 
10 994 995 .996 -997 .997 997 
15 994 -995 -995 .996 996 
20 -994 995 995 995 
25 993 -994 -994 
30 993 993 
35 991 
Additional 2.5 years* .997 .997 .997 .996 .996 .995 
Survival o to age of 
mother at birth‘ 878 895 905 .QIl .Q17 .916 
Total of 5-year female 
birth rates* 12.66 37.08 32.69 20.66 11.16 3.59 
Net birth frequency’ 11.1 34.0 29.6 18.8 10.2 3.3 





* The date of birth is the central date of a 5-year period—i.e., the female birth 
rate entered on the next to the last line of the table under column “1917%” is cal- 
culated as though all births in the years 1915-19 had occurred on July I, 1917. 

®> The child’s age is the beginning age of the survival period. Calendar year 
of the appropriate survival rate is the date of birth plus child’s age—i.e., the rate 
.o89 (second figure in first column) indicates that the probability was .989 that a 
child attaining age 5 in July 1922 would live to age 10 in July 1927. 

* Added to bring children to exact age of mothers at the midpoint of the last 
5-year span. 

* Obtained by successive multiplication of all rates above. 

* Total births per 100 women in the 5 years (sums of the 5-year groups in 
Table 2 x .0485). 

‘ Product of the 2 numbers above. The sum of frequencies in this line (107.0) 
is the net reproduction rate. 





ir 
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Net reproduction rates in Table 3 were computed by the short 
method of multiplying the gross reproduction rate by the survival rate 
to age 28 during the 18.5th year after the beginning of the generation. 
The exact conversion of generation gross rates to net rates involves the 
use of survival factors from a number of different life tables. because 
the survival span of daughters begins with the first year of the child- 
bearing period of mothers of daughters who will survive to age 15 and 
extends to 45 years after the date when mothers 45 years of age have 
their children. 

The computation may be considerably shortened by the method sug- 
gested, namely, that of measuring the mean survival rate of offspring 
from age O up to ages 15 to 44 by the single survival rate to age 28 
from a single life table characteristic of the period when the mean mor- 
tality occurs (18.5 years from the generation beginning date). Instead 
of calculating the survival of each cohort of daughters up to the age of 
their mothers, it is only necessary to calculate the survival of all daugh- 
ters for a period equivalent to the mean specific age of mothers.* The 
problem then resolves itself into the determination of the appropriate 
calendar year in which to measure the mean survival rate of daughters 
beginning at age O when mothers are age 28 and living for 28 years 
thereafter. This period is characterized as follows: Mothers are age 
28, 12.5 years after the time when childbearing begins at age 15.5 (be- 
ginning date of the generation). From recent life tables, it may be de- 
termined that the age of mean mortality of women who die before 
age 28 is approximately 6 years. Adding the 12.5-year lag after the 
date of the beginning of the generation to the 6 years which elapse 
before the date of mean mortality gives 18.5 years after the beginning of 


* The age of mean mortality of daughters can be calculated from Table 3A 
by multiplying each fertility rate by each of the survival rates in the appropriate 
column. The difference between survivals in the successive 5-year periods gives the 
number of deaths. The average of these numbers weighted by the ages at which 
deaths occur is the age of man mortality. The age of mean fertility of mothers 
can be calculated from Table 2 by weighting the mother’s age by the age-specific 
birth rate at that age. In recent white generations, the mean specific age is about 
28 ; in recent Negro generations, about 26.5. Since this mean fluctuates slightly with 
the changes in distribution of the ages of mothers, the application of this method 
requires re-calculation of this mean from time to time and a different calculation 
for different classes of the population. Or the date of mean mortality may be 
calculated directly from Table 3A without reference to mothers’ mean specific age 
by weighting the deaths with the dates instead of the ages. 
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the generation as the appropriate calendar year for survival rates to 
age 28 which are used to convert the generation gross rates to genera- 
tion net rates. This short method of converting generation gross fer- 
tility rates to net rates in a span of years included in Table 3 yielded 
results within 1 per cent of the exact net rate as calculated by the long 
method for several generations.* Table 3A illustrates the life table and 
the method of calculation of the generation net reproduction rate for 
the 1915 generation. The total of the bottom row of figures in this table 
gives a net reproduction rate of 107.0 in comparison with 106.9 obtained 
by the short method. 

This method of derivation of the generation reproduction rate in- 
dicates that a measure analogous to the female intrinsic rate of natural 
increase may be quite simply derived: If the M, designates the mean 
specific age of mothers and r the annual generation rate of female in- 
crease, then the formula is: 


log (I+r) = m log net reproduction rate, or 


I ; 
r = —— log, net reproduction rate. 
M, 


Since M, is slightly larger than the mean length of the maternal genera- 
tion, the resulting annual rate will be slightly smaller than the intrinsic 
rate of natural increase. This measure is to be interpreted as the aver- 
age rate of increase in the daughter generation per year in the child- 
bearing span of the mother generation. 

The striking fact about the net rates shown in Table 3, besides the 
relative stability which was previously commented on, is that no native 
white generation since 1915 shows a net rate below the replacement 
level. This is in contrast to the low calendar year rates of the 1930’s. Only 
three cohorts, those beginning in 1920, 1921, and 1922, show sufficient 
effects of the depression to reduce their completed net fertility almost to 
the level of equilibrium. (The rate for these three years was 101.) From 
that period on to the generation beginning in 1935 the rise in net fer- 
tility was uninterrupted, increasing from 101 to 109. It should be kept 


* Mortality estimates for dates after 1940 are based on Thompson and Whelp- 
ton’s medium mortality projections. For method of computation of generation 
mortality and references, cf. Dublin, Louis I. and Spiegelman, Mortimer, “Current 
vs. Generation Life Tables,” Human Brotocy, Vol. 13, No. 4, December 1941. 
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in mind that these are native white rates. Since the foreign-born and 
the non-white rates are higher, generation net fertility for all women 
runs above the rates shown in Table 3 (cf. rates for total white women, 
Table 4). For instance, in the generation of 1922 the native white net 
fertility reached 101, but total net fertility for all women of that gen- 
eration was approximately 105. Thus, in every generation from I915 
to 1940, total fertility will be well above the level of population re- 
placement. 

A basic factor in the stability of generation net reproduction has 
been the improvement in mortality. It will be noted from Table 3A 
that, according to the generation mortality rates, a child born in 1942 
would have a probability of survival to age 42 superior to the prob- 
ability of survival to age 5 of a child born in 1917. 


MEASURE OF TOTAL NUMBER OF CHILDREN BY BIRTH ORDER 


There is a general relationship between completed generation gross 
reproduction rates and enumerations of total children ever born to 
women who have lived through the whole childbearing period, provided 
the population has not been disturbed by migration. Exact correspond- 
ence between measures derived from two such different approaches is 
not to be expected. The one is the accumulation of births recorded by 
women who lived during any portion of the previous 30-year period; 
the other is a report of the number of children ever born to women who 
have lived up to the date of the enumeration. The relationship between 
the two would, of course, be disturbed if there is any correlation be- 
tween the number of children born and future expectation of life of the 
mother. It would likewise be disturbed by errors in reporting number 
of children and errors in registration of births. There are certain clues 
which indicate the possibility that at least in the past there has been a 
higher death rate among mothers of large families than among mothers 
of small families. There is, however, no clue as to the extent to which 
this is associated with clinical causes and the extent to which it is to 
be accounted for largely by rural-urban differentials and socio-economic 
differentials in birth and death rates. If, however, the generation which 
began in 1915 and ended in 1945 is checked against the number of chil- 
dren reported ever born to all white women who were 40 to 44 years 
of age in 1940, there is agreement between the two figures within about 
5 per cent. The Census reported 2,459 children per thousand total white 
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women of this group; whereas 2,581 resulted from the registration of 
births to total white women of this generation® (Table 4). 


As the age of enumerated women increases, the deficit of children 
reported is greater. An illustration of this fact may be obtained as 
follows: Women who were 40 to 44 years of age in I910 were 70 to 
74 years of age in 1940 if they survived. Thus, the two censuses pro- 
vide enumerations of the number of children ever born, as reported by 
a group of women who were approaching the end of the childbearing 
period and by their survivors 30 years later. In the case of the white 
women in this group in 1910, the number of children reported was 378 
per hundred as against only 338 in 1940. There was a deficit of 


TABLE 5 


Reproduction rates, total white women, generations beginning 1860-1915 
(estimated from number of children ever born)* 











GENERATION 

BEGINNING 
— Gross rate Net rate 
1860 272 — 
1865 260 ae 
1870 252 —- 
1875 233 169 
1880 216 157 
1885 192 146 
1890 182 14! 
1895 168 134 
1900 165 136 
1905 154 130 
IQIO 141 123 
IQIS 126 113 





* With approximate allowance for under-reporting of children and differential 
mortality by parity. U. S. Bureau of the Census, Population—Differential Fer- 
tility, 1940 and 1910. 


* Some difference is accounted for by the fact that the Census recorded number 
of children only for married women thus omitting most illegitimate children, many 
of whom had birth certificates filed. 
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some I1 per cent in the number of children reported by the survivors 
to age 70. 

By making approximate adjustments for the errors in reporting and 
differential mortality by parity in the upper ages, it is possible to esti- 
mate completed generation gross reproduction rates for generations 
beginning in the years 1860 to 1915 (see Table 5). It will be noted 
from this series that, as measured by the generation rates, the drastic 
decline in fertility occurred largely before the generation beginning in 
1915 in contrast to the leveling off since that date, as shown in Table 2. 

It is not only possible to estimate the total number of children 
born by this generation method, but it is also possible to break this 
number down by order of birth (Table 4). The generation may be 
followed through for births of the first, second, third, fourth, and higher 
orders as well as for total births. Likewise, by cumulated subtraction 
of these rates from 1,000, it is possible to secure an estimate of the 
parity of the women in the completed generation. That is to say, the 
difference between the number of women per thousand reporting a first 
birth and 1,000 represents the proportion that had no children, and the 
difference between the number reporting a birth of the first order and 
the number reporting a birth of the second order is the proportion of 
women who had one and only one child, etc. These parity estimates 
are shown in Table 6 for the women in the generations beginning in 
1915 and in 1930.® 


* The validity of these estimates is affected to some extent by the fact that 
there is probably some duplication in the reporting of the number of births of the 
first order on birth certificates. Under certain circumstances, such as the previous 
birth of an illegitimate child or a birth by a previous marriage, the second child 
may be reported as the first. This would tend to minimize the estimated number 
of women who had no children. It would not, however, affect the total number 
of birth certificates filed or to any appreciable degree the ratios between births 
of the second, third, and higher orders. Conversely, Census reports on the number 
of children ever born, since children of single women are not enumerated, omit 
most illegitimate children, thereby exaggerating the proportion of childless women 
and reducing the proportion with one child only. 
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TABLE 6 


Percentage of women 45 years of age in 1945 and 1959 who had borne specified 
number of children and percentage of women 40 to 44 reporting specified 
numbers in the enumeration of 1940 








NUMBER OF 1915-1944 1930-1959 
CHILDREN GENERATION* CENSUS 1940T GENERATION* 
0 18.8 22.5 19.2 
I 21.2 18.4 17.7 
2 19.3 19.8 24.1 
3 15.4 13.6 20.3 
4 8.4 9.0 8.3 
5 and over 16.9 16.7 10.4 
Total 100.0 100.0 100.0 





* By successive subtraction of items in lines of Table 4 marked “Total X 5.” 
+ U. S. Bureau of the Census, Population, Differential Fertility, 1940 and 1910. 


CONCLUSIONS 


The fact that the completed generation rates remain at a fairly even 
level from 1920 to 1940 does not necessarily mean that the fertility 
trend has remained on an even keel at a gross rate from I10 to 115 all 
during the period. It will be observed from the course of the calendar 
year reproduction rates during the period 1915-1946 (Table 3) that this 
span of years seems to cover parts of two cycles. There may, therefore, 
possibly be a long-time downward secular trend in the generation rates 
which is concealed by the effects of the high fertility of the early 1920’s 
and of the middle 1940’s. 

As a corollary to this conclusion, it can be stated fairly definitely 
that the period for which such data are available in the United States 
is too short to warrant dogmatic predictions from the generation data 
presented herewith. As experience accumulates over the next few de- 
cades, however, we should be able to analyze past trends with sufficient 
clarity to make more accurate projections than are possible from single 
calendar year rates. No reputable economist would base an analysis 
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of business cycles on data covering only a part of two cycles. Popula- 
tion analysts should be equally as cautious. 

It might be further concluded that the sharp decline in fertility 
which extended almost uninterruptedly from colonial days to World 
War I has almost leveled off at a gross rate of about 110 with a possible 
slight long-time downward trend, but that this rate of possible present 
decline is neither so drastic nor so alarming as some students in the 
past have feared and that native white gross rates probably will not 
reach a level much below 110 for any generation which passed through 
its young childbearing ages during the war boom period 1940 to 1947 
and will complete its fertility experience about 1960 to 1970, unless in 
the near future changes in the family mores or unusually severe de- 
pressions make very abnormal reduction in fertility in the older ages 
of these generations. It would appear that considering age distribution 
and socio-economic forces at work, net reproduction reached the mini- 
mum of about 101 for the generation beginning 1920 and has risen 
slightly since. 

It may further be stated as a conclusion from the data presented 
above that commonly used calendar year reproduction rates, although 
extremely useful for comparing aggregates within any country or for 
comparing two countries which have passed and are passing through 
similar socio-economic cycles, are of doubtful validity for long-time 
comparisons to indicate past trends and especially for future estimates.‘ 
On the other hand, calendar year rates rather than generation rates 
usually provide more valid comparisons between populations which 
have been affected by migration. 

One obvious use of such a method when adequate data are available 
is to analyze the internal structure of the fertility of generations, i.e., 
to answer such questions as: Do later compensatory tendencies par- 
tially offset any abnormally high or low birth rate below the age of 30? 

This would lead to the hope that the word “generation” will be dis- 
carded in referring to age-specific fertility based on a single calendar 
year and that the term “generation rate” or “completed generation rate” 


* Myers, Robt. J. “Population, Birth, and Mortality Trends in the U. S.” 
Transactions of the Actuarial Society of America, Vol. XLI, Part 1, No. 103, pp. 


93-94. 
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will be reserved for rates of fertility computed from the actual behavior 


of generations by using age-specific fertility rates for calendar years 
when those ages were attained. 











§ i 


QUOTATIONS 


“DAS GESETZ DER KLEINEN ZAHLEN’* 





ANE of the classical illustrations of the Poisson frequency 
distribution is that of the numbers of men killed by horse 
i kicks in the Prussian Army. The illustration was original- 
J ly giveti by von Bortkewitsch in 1898.1 The original ap- 
peared as a pamphlet (“selbstindigen Brochiire’) and is perhaps not 
too widely available. At least there is evidence that some writers quote 
Bortkewitsch at second hand, with occasional unfortunate results. It 
seems of some interest to quote the example in full, together with 
enough of a summary of the pamphlet to make Bortkewitsch’s ideas 
clear. 

Before considering the horse-kick example, it might be helpful to 
indicate briefly the problem under consideration and the general out- 
lines of the solution given by Bortkewitsch. I have not followed the 






* From the Department of Biostatistics (Paper No. 234), School of Hygiene 
and Public Health, The Johns Hopkins University, Baltimore, Md. 

* Bortkewitsch, L. von. Das Gesetz der kleinen Zahlen. Leipzig (Teubner), 
1808. 

For the spelling of Bortkewitsch I have followed the title page. In later 
years the spelling Bortkiewicz is usual (e. g., his “Die Iterationen”). 

I have found little biographical information; the following is taken from 
“Wer Ist’s,” 1928. 

“Bortkiewicz, v., Ladislaus, o. Univ.-Prof., Dr. phil.—7. VIII. 68 St. Peters- 
burg—V: Joseph, Oberst; M: v. Rokicka—Gymn.; Univ. St. Petersburg, 
Strassburg, Géttingen, Wien, Leipzig; 95-97 Priv.-Doz. Strassburg; 97-00 
Beamt. im russ. Verkehrsmin.; 01-20 ao.; 20 o. Prof. d. Staatswiss. Univ. u. 
Dir. Staatsw. Stat. Semin. Berlin—W. Sterblichk. u. Langlebigk. d. orthod. 
Bevoélkg. d. europ. Russl. (in d. Schr. d. Petersb. Akad. d. Wiss.) 90/91; D. 
mittl. Lebensd. 93; D. Gesetz d. kl. Zahlen 98; Radioakt. Strahlg. als Gegenst. 
wahrscheinlichkeitstheor. Unters. 13; D. Iterationen 17; D. Bevélkerungswes. 
19.—Dt. Dem.—Spez: Nat.-ékon.; math. Statist—Berlin-Halensee, Johann. 
Sigism.-Str. 2.” 

He died in October, 1931. 
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notation of the original, which would be somewhat unfamiliar to most 
readers. 

He begins, following Poisson, with a derivation of the Poisson 
frequency distribution, in which 


p (4) =e p*/x! (1) 
is the probability of observing exactly x events. The expression (1) 
is reached as a limit from the ordinary binomial distribution. In (1), 
as is well known, the expected number of events, and the variance of 
the number of events, are both equal to uw, the parameter of the distribu- 
tion. 

Bortkewitsch then considers the problem of estimating » from a 
set of observations. He shows that (assuming all possible values of p 
equally likely—a Bayes theorem argument) the most probable value 
of » is given by the arithmetic mean of the observations. 

He now considers the comparison of the scatter of the actual ob- 
servations with that predicted by theory. (In this he is following the 
ideas of Lexis? on the binomial distribution.) We have, first, the fact 
that, as noted above, the expected values of the mean and variance are 
the same; so we may take as an estimate of the standard deviation 


s= VE. (2) 
This Bortkewitsch calls the “indirect” estimate. Second, he calls the 
quantity 





s= V 3 (4—4)?/(n—1) (3) 
the direct estimate. He gives the standard errors of these as 
o,=1/2 Vn and y= V 2+ 1/2Vn . (4) 


He also points out that it is better, in principle, to consider s* and s”, 
of which the standard errors are 





o2= V n/n and 0, = (2? + p/m . (5) 


So far we have considered samples from one and the same Poisson 
distribution. Suppose now that we have m sets of m observations each, 
where each set is drawn from a population of the form (1}, but where 


® Lexis, W. Zur Theorie der Massenerscheinungen in der menschlichen 
Gesellschaft. 1877. 
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the population parameter » varies from set to set. Bortkewitsch shows 
that the direct and indirect estimates of the standard deviation of the 
whole set of mn values are: 





Indirect, s,s = V # , (6) 
Direct, s,= V Sy (4 — 4%: )?7/m (n—1) , (7) 
where # = 34; x /mn, the general mean, and 


#; = 3; 4 /n, the mean of the #-th set. 


With this brief summary, we may now consider the horse-kick ex- 
ample and what Bortkewitsch says about it. The example is given on 
pages 23-25. 

“4th Example: Fatalities from horse-kicks in the Prussian Army. 

“The following table gives the number of military deaths from horse- 
kicks, by army corps (“G” indicates the Guard Corps) and calendar years.* 

[See table, facing page.] 


“a) We may proceed in the present case exactly as in the last two. We 








find : 

Yearly Number of cases in which the indicated result 
Result happened was to be expected 

o 144 143.1 

I gI 92.1 

2 32 33-3 

3 II 8.9 

4 2 2.0 

5 or more a 0.6 

$o° = 0.70 (0.05) ; So" = 0.73 (0.09) ; 

So = 0.84 (0.03) ; So’ = 0.85 (0.05). 





“b) We may, however, discarding the Guard, I, VI, and XI Corps, whose 
organization differs considerably from the normal,f treat the numbers for 
the remaining 10 corps as though they related to a single corps; that is, assume 


* See “Preussischen Statistik (amtliches Quellenwerk),” vols. 38, 46, 50, 55, 
60, 63, 67, 80, 84, 87, 91, 95, 99, 108, 114, 118, 124, 132, 135, and 139. 

t The Guard Corps contains, apart from artillery, engineers, and train, 
134 infantry companies and 40 cavalry squadrons; the XI Corps has three divisions ; 
the I Corps has 30 and the VI Corps has 25 squadrons, against a norm of 20 
squadrons. 
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that we have a single statistical series of 200 elements, and apply to this the 
procedure of §4. We obtain: 








Yearly Number of cases in which the indicated result 
Result happened was to be expected 
oO 109 108.7 
I 65 66.3 
2 22 20.2 
3 3 4.1 
4 I 0.6 
5 or more a 0.1 
s*=0.61 (0.06) ; s?=0.61 (0.00) ; 
s =0.78 (0.04); s =0.78 (0.06). 





“The agreement of theory with observation leaves nothing to be desired, 
in case a) as in case b).” 


The column of expected numbers in example a) may be mislead- 
ing. These are not, as one might suppose, calculated from a Poisson 
distribution with a mean of 0.70. Instead, they are obtained by sum- 
ming the theoretical frequencies for each corps, the latter calculated 
from the observed totals for each corps. One cannot, therefore, compare 
observed and expected by the Chi-square test. We may, however, cal- 
culate the expected frequencies, assuming that the 14 corps are all alike. 
We get the following: 











Number Observed Expected 
killed frequency frequency 
0 144 139.0 
I 91 97.3 
2 32 34.1 
3 II 8.0 
4 ri 1.4 
5+ - 0.2 





It is clear that the agreement of observed with expected is satis- 


factory. 
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The fact that we have obtained a good fit assuming homogeneity 
among the corps raises the question as to whether there is any real reason 
for Bortkewitsch’s procedure in a) above. Is there any evidence that 
the corps do differ in the numbers killed by horse-kicks? We can test 
this by an examination of the corps totals. It is well known that if quan- 
tities are independently distributed in Poisson distributions (with the 
same or different parameters), their sum also follows the Poisson dis- 
tribution. We have therefore to inquire whether the fourteen corps 
totals over the 20 years experience might have come as samples from 
a single Poisson distribution. The convenient test for this, given by 
Fisher,® is to calculate 


x? = 3% (4 — 4)?/2, (8) 


which will have 13 degrees of freedom. We get 


# = 14, 
= (4 — #)? = 382, 
x’ = 27.3, 


while the I per cent point is 27.7. We may conclude, then, that it is 
likely that there are real differences among the corps. 

We can carry this one step further, by examining the totals for the 
ten corps of normal organization. For these we get 


£=: 423. 
> (4 — #)* = 211.6 
x = 173 


There are now 9 degrees of freedom; the 5 per cent point is 16.9. 
There is thus a suspicion that there is still some heterogeneity. Examina- 
tion indicates that the XIV Corps, with a total of 24 deaths, is largely 
responsible for the size of yx’, contributing 11.4 to the total. In the ab- 
sence of further information, of course, all this remains largely specula- 
tion. 


* Fisher, R. A., H. G. Thornton, and W. A. Mackenzie. The accuracy of the 
plating method of estimating the density of bacterial populations. Amnals of Ap- 
plied Biology, ix, 1922. Pp. 325-3509. 
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It is perhaps also of some interest to make a similar examination 
of the yearly totals. Here there seems to be no reason for excluding 
any corps. Proceeding as before we get: 

#= GS, 
= (4 — #)? = 367.2, 
x°= 37:5- 
The 1 per cent level for 19 degrees of freedom is 36.2. It would there- 
fore appear that there are significant year-to-year variations in the 
number of fatalities for the Prussian Army as a whole. 

The real interest of these indications of heterogeneity is not, of 
course, in the bearing they may have on Prussian hippology, but in the 
fact that material which apparently, tested as a whole, is homogeneous 
may on closer examination reveal significant heterogeneity. This is 
not a new observation, but it is one which will bear occasional repetition. 

In justice to Bortkewitsch, it should be added that he did not over- 
look, in his theoretical treatment, the possibility of heterogeneity of this 
kind. Indeed, his third chapter, “Die Fehlerexcedenten,” is largely de- 
voted to this topic. We may summarize briefly some of his results. 

He considers a series of observations, 


ei + oe 


each drawn from a Poisson distribution, but with parameters 


Pas Bor + - Pay 
not all equal. The variance of the x’s is then 


o? = E13 (*—ppo)?/n} (9) 


where E { } denotes mathematical expectation and yu, is the mean of 
the »’s. It is then easy to show that 


o* = fo + %? (10) 
where o,? is the variance of the p’s. 

It appears from (10) that the effect of variation among the yp’s is 
to increase the variance of the observations. Now suppose, says Bort- 
kewitsch, that we increase the scale of our experience k-fold. All the 
»’s will be increased k-fold; their variance will be multiplied by k?; and 
we shall have 


o? = Rp + k?a,? (11) 
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* as the variance of the observations under the new conditions. 
If we consider (following Lexis) the quantity 
o? ry 
Qe= SH a14 =14m, (12) 
Ho Po 
a k-fold increase in scale will give 
Q7=1+kA~?. (13) 
re- 
the It is clear from (13) that the larger the scale of our experience (the 
larger the value of &) the larger will be the value of Q*, and the more 
of readily can heterogeneity be detected. And, conversely, the smaller the 
the scale of our experience, the more homogeneous it will look. This is the 
sus property which Bortkewitsch calls the “Law of Small Numbers.” We 
is may quote (pp. 35-36): 
om. “Under the condition of a restricted field of observation one obtains, as 
er- we know, a nearly normal dispersion, that is, almost complete agreement be- 
his tween the standard errors calculated by the direct and indirect methods. The 
de- smaller the field of observation, and the more rarely the phenomenon in ques- 


tion, as for instance suicide or accident, occurs in a given community, the better 
do the statistical results fit the appropriate mathematical formula. 

“The hypothesis of a variable probability or variable expectation helps 
us to recognize this behavior as lawful, and in this sense we may well call 
the fact, that small numbers of events (out of very large populations) are 
subject to or tend toward a definite norm of variation, the Law of Small 
Numbers.” 


The quotation shows clearly that Bortkewitsch was not, as is some- 

times supposed, giving a name to the Poisson distribution. He was 

(9) giving a name to a phenomenon of statistics which he had, or thought 
ia he had, discovered. 


CHARLES P. WINSOR 





